Background. The efficacy of licensed direct-acting antiviral (DAA) regimens is assumed to be the same for hepatitis C virus (HCV)-monoinfected patients (HCV-Mono) and HIV/HCV-coinfected patients (HCV-Co). However, the high sustained viral response (SVR) rates of DAA regimens and the small number of HIV-infected patients included in registration trials have made it difficult to identify predictors of treatment failure, including the presence of HIV.
The licensure of direct-acting antiviral agents (DAAs) marked a turning point in the treatment of infection by hepatitis C virus (HCV) [1] . This therapeutic innovation offered new prospects for the treatment of individuals coinfected by HCV and HIV, a difficult-to-treat population in the interferon plus ribavirin (RBV) era, with lower sustained viral response (SVR) rates and higher frequencies of serious adverse events than patients monoinfected with HCV [2] [3] [4] .
Currently, it is recommended that coinfected persons receive the same treatment as monoinfected individuals, assuming that the efficacy of approved DAA regimens does not differ between the groups [5, 6] ; although this is not entirely the case for American Association for the Study of Liver Diseases/Infectious Diseases Society of America guidelines in the United States, in which ledipasvir and sofosbuvir (LDV/SOF) for 8 weeks is not recommended for patients with HIV/HCV coinfection, regardless of baseline HCV RNA level [6] . However, whether HIV infection is a predictor of treatment response to DAA regimens is difficult to assess owing to the high SVR rates associated with most licensed all-oral DAA-based regimens against HCV and the low number of clinical trials with DAA including both monoinfected and coinfected patients [7, 8] . As for real-world case series, some have found an association between HIV coinfection and lower SVR rates [9, 10] , whereas in others, SVR rates were not significantly different between monoinfected and coinfected individuals [11] [12] [13] [14] .
We aimed to assess whether HIV infection is associated with failure of DAA therapy. Therefore, we focused on previously untreated noncirrhotic patients infected with HCV genotype 1, with or without HIV, who were treated with LDV/SOF. We adopted this approach because it provided a large enough sample size of patients and because we could easily control for some predictors of response, including genotype, type of regimen, presence of cirrhosis, previous exposure to anti-HCV therapy, and use of RBV.
METHODS

Design and Patient Selection
Patients were selected for this study from the Madrid Registry of Use of DAA for HCV (RUA-VHC), a compulsory prospective registry of individuals receiving DAAs for HCV infection in the region of Madrid created in November 2014 by the Madrid Regional Health Service (SERMAS). Providing baseline data for this online registry is mandatory for the retrieval of DAAs in hospital pharmacies. Likewise, providing exhaustive follow-up data is a condition for reimbursement. The decision to treat was made and the regimen selected by the treating physician according to current guidelines.
Data collected prospectively in the RUA-VHC have been reported in depth elsewhere [15] . In summary, baseline data included demographics, whether the patient was HIV-infected and receiving antiretroviral therapy (ART), HCV genotype and subtype, HCV RNA load, history of anti-HCV therapy, liver fibrosis stage, and presence or absence of cirrhosis. The date of initiation and type of DAA regimen, use of RBV, and planned treatment duration were also recorded.
In September 2016, a case report form was used to collect the following HIV-related variables offline: HIV transmission category, Centers for Disease Control and Prevention (CDC) clinical category, baseline and nadir CD4+ T-cell counts, and baseline HIV viral load. In March 2017, the online registry was modified to include all the variables related to HIV infection mentioned above. Since then, this information has been registered prospectively. The study protocol was approved by the ethics committee of Hospital Universitario La Paz for the analysis of anonymous routine clinical data without written informed consent for purposes of scientific publication.
In this analysis, patients included in the RUA-VHC were eligible if they were age 18 years or older, were infected with HCV genotype 1, were noncirrhotic and previously untreated, were treated with LDV/SOF without ribavirin for 8 or 12 weeks, and were scheduled to finish treatment on or before September 31, 2017.
Measurements
Fibrosis stage and cirrhosis were determined by liver biopsy or transient elastography (FibroScan, Echo-Sens, Paris, France). Cirrhosis was defined as liver stiffness >12.5 kPa or clinical evidence of liver decompensation. The remaining liver stiffness cutoffs were as follows: ≤7 kPa, the cutoff to rule out null or mild fibrosis; <9.5 kPa, the cutoff to rule out advanced fibrosiscirrhosis [16] .
HCV RNA was measured at baseline, at the end of therapy, and 12 weeks after completion of treatment. Real-time polymerase chain reaction assays for the quantification of HCV RNA included Roche COBAS AmpliPrep/COBAS TaqMan HCV (Roche Molecular Systems, Pleasanton, CA; lower limit of detection [LLOD] , 15 IU/mL), Abbott RealTime HCV assay (Abbott Laboratories, Abbott Park, IL; LLOD, 12 IU/mL), and Siemens Versant HCV RNA, version 1.0 (Siemens Healthcare GmbH, Erlangen, Germany; LLOD, 15 IU/mL).
Outcomes
Follow-up data in the online registry included the following: (i) SVR, defined as undetectable plasma HCV RNA at 12 weeks after completion of treatment; (ii) relapse, defined as detectable post-treatment HCV RNA after undetectable HCV RNA at the end of therapy; and (iii) viral breakthrough, defined as detectable HCV RNA at the end of therapy and at week 12. Discontinuations due to adverse events or for reasons other than adverse events, losses to follow-up, and deaths were also registered.
Statistical Analysis
When analyzing treatment effectiveness, any patient who initiated LDV/SOF therapy without confirmed SVR or missing outcome data was considered a treatment failure. Three multivariable logistic regression models were used to identify independent baseline factors associated with treatment failure. The first model included variables that were associated with treatment failure in univariable analysis with P < .05. The second model included variables that were associated with treatment failure in univariable analysis with P < .1. The third model was a fully adjusted model including age, sex, liver stiffness, HCV genotype, HCV RNA load, HIV infection, and treatment duration. Analyses were performed for the entire data set and for subgroups of treatment duration (8 and 12 weeks) . Wald tests were used to derive P values. The analyses were performed using Stata, version 14 (Stata Corp, College Station, TX).
Up to September 2017, a total of 17 269 patients (13 720 monoinfected patients and 3549 coinfected patients) initiated all-oral DAAs for treatment of HCV infection in 25 hospitals in the region of Madrid. Of these, 1358 patients (1055 monoinfected patients and 303 coinfected patients) met the inclusion criteria (Supplementary Figure 1) . A total of 272 of the 1358 patients (20.0%) included in this study were also included in a paper describing the real-world outcomes of all-oral DAAbased therapy in 2369 HIV/HCV-coinfected patients [15] .
The baseline characteristics of the 1358 patients categorized by LDV/SOF treatment duration and by type of patient (monoinfected or coinfected) are shown in Table 1 . Overall, 497 patients were treated with LDV/SOF for 8 weeks (36.6%), and 861 patients were treated with LDV/SOF for 12 weeks (63.4%). A higher percentage of monoinfected patients (39.2%) than coinfected patients (27.4%) were treated with LDV/SOF for 8 weeks.
In brief, 55.1% were men, and the median age was 56 years. The HCV subtype distribution was 1a (40.9%), 1b (55.7%), and 1 not subtyped (3.5%). The median HCV RNA was 6.2 Log IU/mL, and 17.2% of patients had an HCV RNA >6 million IU/mL. A total of 1320 (97.2%) patients underwent transient elastography at baseline. The median liver stiffness value was 8.8 kPa, and 494 (37.4%) patients had a liver stiffness value ≥9.5 kPa (but ≤12.5 kPa), which was indicative of advanced fibrosis. Statistically significant differences between monoinfected patients and coinfected patients were observed at baseline for age, gender, and genotype 1 subtype distribution (Table 1) .
At baseline, 99.0% of coinfected patients were on ART. Full data on HIV-related characteristics were available for analysis from approximately half of the coinfected patients. No statistically significant differences were found between patients with complete HIV data and patients with incomplete HIV data for age, HCV genotype distribution, and HCV RNA load. However, patients with incomplete HIV data were more frequently male and had a lower liver stiffness value (Supplementary Table 1 ). Differences in mechanism of acquisition of HIV were found between coinfected patients treated for 8 or 12 weeks, with a lower proportion of injection drug use and a higher frequency of men who have sex with men among the former group (Table 2) .
Treatment Response
LDV/SOF for 8 Weeks
Treatment responses to LDV/SOF for 8 weeks are shown in Figure 1A . A total of 497 patients (414 monoinfected patients and 83 coinfected patients) received SOF/LDV without RBV for 8 weeks. Overall, the SVR rate of 8 weeks of therapy with SOF/ LDV was 96.4%, without significant differences in SVR rates found between monoinfected patients and coinfected patients (96.9% vs 94.0%; P = .199). There were no viral breakthroughs. The overall relapse rate was 2.8%, and no statistically significant differences in relapse rates were found between monoinfected patients and coinfected patients (2.2% vs 6.0%; P = .06). Only 1 patient discontinued SOF/LDV owing to adverse events, and 3 patients discontinued therapy for reasons not related to adverse events. All 4 were monoinfected patients. Outcomes for 8 weeks' treatment with LDV/SOF without RBV for HCV genotype 1a and 1b analysis are shown in Figure 2A . Log IU/mL, median (IQR) 5.9 (5.4-6.4) 5.9 (5.4-6. 3) 6.1 (5.6-6.5) . 033 6.4 (6.0-6.8) 6.4 (5.9-6.8) 6.5 (6.0-6.8) Stiffness kPa, median (IQR) 8.6 (7.9-9.4) 8.6 (7.9-9. 3) 8.6 (7.8-10.0 
LDV/SOF for 12 Weeks
Treatment response to LDV/SOF for 12 weeks is shown in Figure 1B . A total of 861 patients (641 monoinfected patients and 220 coinfected patients) received SOF/LDV without RBV for 12 weeks. Overall, the SVR rate of 12 weeks of therapy with SOF/LDV was 95.8%. Statistically significant differences in SVR rates were found between monoinfected patients and coinfected patients (97.2% vs 91.8%; P = .001). Again, there were no viral breakthroughs. The overall relapse rate was 1.6%, and no statistically significant differences in relapse rates were found between monoinfected patients and coinfected patients (1.1% vs 3.2%; P = .06). Five patients (0.6%) discontinued SOF/LDV owing to adverse events (2 monoinfected Figure 2B .
Variables Associated With Treatment Failure
The results of the univariable and multivariable logistic regression models to identify baseline variables associated with treatment failure for the full data set are shown in univariable analysis, male sex and the presence of HIV infection were the only variables significantly associated with increased odds of treatment failure. In all 3 multivariable models, male sex and HIV infection were the only variables significantly associated with increased odds of treatment failure. In the fully adjusted model, the adjusted odds ratio (aOR) of treatment failure for males in comparison with females was 2.49 (95% CI, 1.27-4.91; P = .008). Likewise, the aOR of treatment failure for coinfected patients in comparison with monoinfected patients was 2.23 (95% CI, 1.13-4.38; P = .020). We also performed separate analyses to identify baseline variables associated with treatment failure according to treatment duration. Among patients treated for 8 weeks, male sex was the only variable independently associated with treatment failure (Supplementary Table 2 ). Among patients treated for 12 weeks, HIV infection was the only variable independently associated with treatment failure (Supplementary Table 3 ).
DISCUSSION
Whether HIV infection is associated with treatment failure of DAA therapy is a controversial issue. The C-WORTHY and C-EDGE CO-STAR studies, 2 of the few clinical trials with DAA that included both monoinfected and coinfected patients, revealed similar rates of sustained virological response to grazoprevir and elbasvir in both groups [7, 8] . These results are not easy to interpret owing to issues of study design in the C-WORTHY study (different treatment durations, different doses of elbasvir, and the addition or not of ribavirin) [7] and the low number of coinfected patients included in the C-EDGE CO-STAR study [8] . Some real-world practice studies have found lower SVR rates with all-oral DAA-based therapy in coinfected patients than in monoinfected patients [9, 10] , whereas in other studies, SVR rates were not significantly different between monoinfected and coinfected individuals [11] [12] [13] [14] . Again, the results of these studies are difficult to interpret owing to the lack of homogeneity in essential variables such as HCV genotype, liver disease severity, prior exposure to anti-HCV therapy, and DAA regimen used. We answered our research question by analyzing a large and homogeneous group of HCV genotype 1-infected treatmentnaïve noncirrhotic patients treated with LDV/SOF. We found lower SVR rates for LDV/SOF in coinfected patients than in monoinfected patients, with most of the treatment failures in both groups being viral relapses. The independent association between HIV and treatment failure was found after adjustment for age, sex, liver stiffness, HCV subtype, HCV RNA load, and treatment duration.
Interestingly, when we carried out separate analyses according to treatment duration, we found an association between HIV and treatment failure among patients treated for 12 weeks but not among patients treated for 8 weeks. This could be due to a type 2 error, as the number of HIV-infected patients treated for 8 weeks was substantially lower than the number treated for 12 weeks (83 vs 220). However, it must be considered that in comparison with patients treated for 8 weeks, those treated for 12 weeks, irrespective of whether they were HIV-infected, had a significantly higher frequency of both HCV-RNA >6 million IU/mL and a liver stiffness value >9.5 kPa, which is indicative of advanced fibrosis. Moreover, among HIV-infected individuals, the proportion of MSM was higher in those treated for 8 weeks than in those treated for 12 weeks. Given the recent ongoing outbreak of HCV among HIV-infected MSM, it is conceivable that more recent HCV infections were included in the former group than in the latter. This, in turn, could have influenced SVR rates, as treatment of acute or early HCV infection has been associated with very high SVR rates [17] . For these reasons, any potentially disadvantageous influence of HIV infection on treatment response would be more easily detected in patients treated for 12 weeks than in patients treated for 8 weeks.
The reason why HIV infection influenced treatment response could not be ascertained from our data. However, this observation could be explained by some characteristics of coinfected patients, such as a CD4+ count <200 cells/mm 3 and prior clinical AIDS, which are indicative of immunosuppression and have been associated with failure of all-oral DAAbased therapy in coinfected patients [15] . Of note, 82 of the 188 (43.6%) coinfected patients for which the CDC clinical category was known had a prior diagnosis of AIDS. Likewise, 9 of the 158 (5.7%) coinfected patients with known CD4+ cell counts at baseline had <200 CD4+ cells/mm 3 . There is some evidence that the host immune response may play a role in HCV clearance even during DAA-based therapies, possibly through the recognition and elimination by T cells of viral variants with resistance-associated substitutions (RAS) [18] . Of note, in a recent analysis of clinical trials of patients with genotype 1 HCV infection treated with LDV/SOF, NS5A RAS were present in 8%-16% of patients before treatment and had a negative impact on treatment outcome [19] . If less effective clearance of resistant viral variants by the immune system is the reason why HIV infection negatively affected treatment response, then the newer pan-genotypic drug regimens that include NS5A inhibitors with a high barrier to resistance (eg, sofosbuvir/velpatasvir or glecaprevir/pibrentasvir) could be a preferred option over other recommended regimens in coinfected patients with a prior diagnosis of AIDS and/or a CD4+ cell count <200 CD4+ cells/mm 3 .
Our study is limited by the lack of data on adherence and on concomitant medication, including proton pump inhibitors [20] . Another limitation is the absence of information on preexisting viral variants with RAS, which prevented us from analyzing their prevalence among groups and assessing their impact on treatment outcomes. Our study is also limited by the fact that full data on HIV-related characteristics at the time of the data analysis were available for only half of the patients. This precluded the performance of additional comparative analyses between monoinfected patients and coinfected patients with a baseline CD4+ cell count below and above 200 cells/mm 3 , or with and without a prior diagnosis of clinical AIDS, for better assessment of the effect of immunosuppression on treatment response among coinfected individuals. Finally, another limitation is the absence of information about the mechanism of transmission of HCV in HCV-monoinfected persons. Nevertheless, to our knowledge, ours is the largest real-world study comparing treatment outcomes between monoinfected and coinfected patients in which there was no variability according to HCV genotype, liver disease severity, exposure to previous anti-HCV therapy, or DAA-based regimen.
In conclusion, the results of this study analyzing treatment outcomes for LDV/SOF against HCV genotype 1 in treatmentnaïve noncirrhotic patients suggest that HIV infection is a predictor of treatment failure in patients with chronic hepatitis C. This finding cannot be used to support the notion that HIV/ HCV-coinfected individuals are a difficult-to-treat population in the era of all-oral DAA-based therapy. However, it does argue in favor of prioritizing the use of newer simplified and pan-genotypic anti-HCV regimens among coinfected patients to lessen the possibility of treatment failure due to suboptimal adherence or presence of resistant viral variants.
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